Introduction {#S0001}
============

Idiopathic Pulmonary Fibrosis (IPF) is a chronic fibrotic disease characterized by a progressive decline in lung function from irreversible destruction of lung architecture, subsequently culminating in respiratory failure.[@CIT0001] It usually occurs in individuals older than 50 years and its incidence remarkably increases with age.[@CIT0001],[@CIT0002] Median survival is 3--5 years following diagnosis, however, course of the disease is unpredictable and highly variable.[@CIT0003] Patients will sometimes experience a period of disease stability followed by sudden onset of acute respiratory failure, also known as an exacerbation. IPF exacerbations markedly shorten the median survival to 3--4 months and precede almost half of deaths in patients with IPF.[@CIT0004]

Pirfenidone and nintedanib are the two anti-fibrotic drugs approved for treatment of IPF.[@CIT0005]--[@CIT0007] Pirfenidone was the first licensed therapy for IPF and was approved by the European Medicines Agency (EMA) in 2011, followed by The US Food and Drug Administration (FDA) approval in 2014. Pirfenidone is an orally available drug known to mediate its anti--inflammatory and anti-fibrotic effects through modulation of cytokines and growth factors, although the precise mechanism of its action remains unclear.[@CIT0008],[@CIT0009] Treatment with pirfenidone has been shown to reduce the rate of decline in lung function, improve progression-free survival and also reduces all-cause mortality at 1 year.[@CIT0006],[@CIT0010],[@CIT0011]

This review will discuss and summarize the efficacy, tolerability and safety profile of pirfenidone based on clinical trials and real-world clinical experience to date.

Efficacy of Pirfenidone in Patients with IPF {#S0002}
============================================

Clinical Trials {#S0002-S2001}
---------------

The first Phase II double-blind placebo-controlled trial evaluated the efficacy of Pirfenidone (1800mg/day) as compared to placebo in 109 patients.[@CIT0011] Pirfenidone group showed reduction in vital capacity decline as compared to the placebo group (−30 mL vs −130 mL, p=0.032). However, this trial was prematurely aborted in favor of Pirfenidone due to an increased number of IPF exacerbations in the placebo group (14% vs 0%, p=0.003).[@CIT0011] Following the encouraging results of this trial, the first Phase III, placebo-controlled, randomized clinical trial evaluated pirfenidone at high (1800mg/d) and low (1200mg/d) doses as compared to placebo in 275 patients with IPF. The trial showed that patients in the high-dose group had a reduction in vital capacity decline as compared to placebo (−90 mL vs −160 mL, p=0.04) and had an improved progression-free survival (p=0.03).[@CIT0012]

Since then, pirfenidone has been evaluated in three multinational, randomized, and placebo-controlled trials, documenting its efficacy in preserving lung function and conferring a progression free survival benefit. Of these 3 trials, CAPACITY 004 and CPAPCITY 006 (Clinical Studies Assessing Pirfenidone in idiopathic pulmonary fibrosis: Research of Efficacy and Safety Outcomes) were two concurrent trials completed in 2010 leading to pirfenidone approval for use in IPF patients in Europe.[@CIT0005] ASCEND (Assessment of Pirfenidone to Confirm Efficacy and Safety in Idiopathic Pulmonary Fibrosis) study was the third trial specifically requested by US FDA, which was completed in 2014.[@CIT0006]

CAPACITY trials assessed pirfenidone (2073mg/day) in a total of 770 patients with IPF with a forced vital capacity (FVC) of ⩾50% predicted and diffusing capacity for carbon monoxide (DLCO) of ⩾35% predicted. The primary end-point was change in FVC % predicted from baseline to week 72. Pirfenidone significantly reduced the decline in FVC % predicted from baseline over 72 weeks as compared to placebo in the CAPACITY 004 trial (−8% vs −12.4%, respectively, p=0.001). CAPACITY 006 also recorded a significant difference in FVC % predicted up to week 48 in pirfenidone group, although this difference was not maintained at week 72.[@CIT0005]

Pre-specified pooled data analysis from both studies showed a significant treatment effect for pirfenidone, with mean change in FVC % predicted over time of −8.5% for pirfenidone vs −11.0% for placebo (p=0.005). Pirfenidone group also showed a positive treatment effect vs placebo for secondary end points of progression-free survival (defined as time to confirmed ≥10% decline in FVC % predicted, ≥15% decline in diffusing capacity of the lung carbon monoxide % predicted, or death), categorical decline in FVC ≥10% and the 6-min walk test (6MWT) distance. Although the CAPACITY study was not powered for mortality analysis, a pooled analysis did show a non-statistically significant trend towards lower all-cause mortality at week 72 in the pirfenidone group compared to the placebo group (4.4% vs 7.9%, respectively, p=0.315).[@CIT0005]

Since the primary end point of predicted FVC % change from baseline to week 72 was not met in CAPACITY 006 trial, US FDA requested another clinical trial to demonstrate the efficacy of Pirfenidone.

ASCEND trial then assessed pirfenidone (2073mg/day) in 555 IPF patients with FVC of 50--90% predicted and DLCO of ⩾30% predicted. The pirfenidone group showed a significant reduction in primary-end point, which was the mean FVC decline at 52 weeks, as compared to placebo (253 mL vs 428 mL, p\<0.001) and also reduced the relative risk of death or disease progression by 43% (confidence interval \[CI\], 0.43 to 0.77; p\<0.001).[@CIT0006]

In a pre-specified analysis of the pooled population of all three trials (CAPACITY 004, CAPACITY006 AND ASCEND), pirfenidone reduced the risk of death at 1 year by 48% compared to placebo (HR 0.52,95% CI 0.31−0.87; p\<0.01) and also reduced the risk of treatment-emergent death due to IPF at 1 year by 68% (HR 0.32; 95% CI 0.14−0.76; p=0.006).[@CIT0006],[@CIT0010]

Similarly, pooled data analysis from these trials by Noble et al showed that pirfenidone reduced the proportion of patients with ⩾10%decline in FVC% predicted or death by 44% (95% CI 29.3--55.4%) and increased the proportion of patients with no lung function decline by 59.3% (95% CI 29--96.8%).[@CIT0013]

Longitudinal FVC data from these three trials have demonstrated that even in patients who had a 10% decline in FVC % during treatment, continued treatment with pirfenidone resulted in a lower risk of subsequent FVC decline or death as compared to placebo. (5.9% vs 27.9%, respectively, p=0.009).[@CIT0014]

Long-Term Observational Studies {#S0002-S2002}
-------------------------------

### RECAP Study (an Open-Label Study of the Long-Term Safety of Pirfenidone in Patients with Idiopathic Pulmonary Fibrosis) {#S0002-S2002-S3001}

RECAP was an open-label roll-over study evaluating the long-term safety of pirfenidone 2043mg/day in patients who completed the CAPACITY and ASCEND trials.[@CIT0015] Of the 1058 patients who entered RECAP from both the trials, 40.4% completed the study at the time of analysis in 2015. Median duration of Pirfenidone was 88 weeks (ranging from \>0 to 349 weeks) with a mean dose of 2091.1 mg/day. In patients who completed CAPACITY trials and entered RECAP, the mean change in FVC % predicted from RECAP baseline at 180 weeks was −9.6%. Median on-treatment survival from the first pirfenidone dose was 77.2 months.[@CIT0015] Efficacy data in terms of FVC decline was not recorded in patients from ASCEND trial.

In real-world clinical practice, sometimes there is hesitation in starting anti-fibrotics in patients with advanced disease. Costabel et al recently analyzed data from RECAP study to evaluate and compare the efficacy of pirfenidone in IPF patients across different categories of disease severity.[@CIT0016] Patients were categorized according to baseline lung function at the time of entry into the RECAP study: more advanced (FVC% predicted \<50% and/or DLco \<35%, n=189) and less advanced (FVC% predicted ≥50% and/or DLco ≥35%, n=409). Long-term treatment with pirfenidone resulted in a similar rate of FVC percent decline and safety profile in patients with more advanced and less advanced IPF. However, the discontinuation rate was higher for patients with more advanced disease.[@CIT0016] This study supports considering anti-fibrotics in patients who are diagnosed with IPF at an advanced stage.

Results from the Czech IPF Registry {#S0002-S2003}
-----------------------------------

Zurkova et al evaluated the overall 2- and 5-year survival and lung function decline in 601 patients from Czeck IPF registry who were diagnosed with IPF between 2012 and 2017.[@CIT0017] Of 601 patients, 63.7% of patients received pirfenidone treatment and the rest were not on any anti-fibrotic. The pirfenidone treated group had overall longer survival at 12, 24 and 60 months as compared to those treated with no antifibrotics. More than half of the patients (55.9%) were still alive at the end of 5 years in the pirfenidone group as compared to 31.5% in the no antifibrotic group (p=0.002). Patients in the pirfenidone group also showed a non- statistically significant trend towards the reduction in rate of FVC % decline at 6, 12 and 24 months as compared to the no antifibrotic group.[@CIT0017]

Single Center Studies {#S0002-S2004}
---------------------

Since its approval for use in IPF patients, various centers from different countries have published their real-world experience with Pirfenidone in terms of efficacy, safety and tolerability. The overall trend in efficacy has been consistent with the findings from the clinical trials and no significant new trends were noted. The findings from all these single-center trials to date are summarized in [Table 1](#T0001){ref-type="table"}.Table 1Efficacy, Side Effects and Tolerability of PirfenidoneAuthor,\
Follow-Up PeriodCountry\
(No. of Patients)Baseline CharacteristicsEfficacy End-Point(s)Total Adverse\
Events, n (%)Gastrointestinal Side Effects, n (%)Skin Side Effects, n (%)Treatment Discontinuation Rate, n (%)Wijsenbeek[@CIT0043]Netherlands (52)Age,yrs: 63.4±7.7 Baseline FVC%: 68.3±18.4Stable lung function in 17 out of 20 patients treated for \>6 months. Decreased cough score in 11 out of 19 patients.NANANA10 (19%)Ravaglia[@CIT0044]\
2008--2013Italy (81)Age,yrs (range): 69 (41--81)\
Baseline FVC%: 70.8 Baseline DLCO%: 41.39Stable or significantly improved lung function in 59% patientsNANANA13 (16%)Bonella,[@CIT0045] 2006--2012Germany (45)Age,yrs: 69±7 Baseline FVC%: 61±15Stable lung function in 70% patientsNA17 (38%)17 (38%)6 (13%)Okuda[@CIT0042] 2008--2011Japan (76)Age,yrs: 70.5±8.3 Baseline FVC %: 65.3±16.1Safety of pirfenidone64 (84.2%)18 (23.6%)14 (18%)14 (18%)Arai,[@CIT0046] 2009--2011Japan (41)Age,yrs(Range): 70 (65--75) Baseline FVC%: 66.7 (54.8--77.8)Significant reduction in FVC decline in patients with severity grades I--II^\$^31 (75.6%)24 (58.5%)7 (17%)2 (15%)Oltmann[@CIT0047] 2011--2013Germany (63)Age,yrs: 68±7 Baseline FVC%: 70±19 Baseline DLCO%: 40± 14Stable lung function in 62% of Patients, non -statistically significant trend in reduction in FVC decline52(85%)36 (59%)17(28%)28(46%)Chaudhuri[@CIT0048] 2011--2013United Kingdom (40)Age,yrs (range): 65.8(40--80) Baseline FVC%(range): 77 (46--146) Baseline DLCO%(range): 42.4(14--81%)Reduction in FVC and DLCO decline at 9 months40 (58%)83(46%)4(10%)6(15%)Barratt[@CIT0041] 2012--2017United Kingdom (115)Age,yrs: 73.1±8 Baseline FVC%: 74.2±16.2Tolerability of pirfenidone66 (57%)18 (15.6%)11 (8.5%)46 (40%)Hanta[@CIT0049] 2017Turkey (60)Age,yrs (range): 67.5(44--90) Baseline FVC%: 68.4±14.35 Baseline DLCO%: 48.7±1877% patients had stable FVC over 6 months33 (55%)21 (35%)8(13.3%)1(1.7%)Yoon[@CIT0050] 2010--2015South Korea (138)Age,yrs: 68±7.4 Baseline FVC%: 59.4±14.8 Baseline DLCO%: 45(15)Rate of disease progression^\^^ was reduced after treatment (42.9 vs 4.5%, p = 0.008)118(85.8%)93 (68%)43 (31%)36.4(43%)Tzouvelekis 2011--2013[@CIT0051]Greece (43)Age,yrs: 66.3±9.7 Baseline FVC% : 63.8±20.3Reduction in FVC decline in 6 months after treatment as compared to before treatment initiation, however this difference was not maintained at 1 year of treatmentNA15 (34.9%)8 (18.6%)9 (20.9%)Margaritopoulos[@CIT0052] 2011--2016Greece (90)Age,yrs: 74.9±11 Baseline FVC%: 81±19.5% Baseline DLCO%: 54.4±17Mortality reduction in pirfenidone treated cohort when compared to a matched historical cohort of 212 patients. HR 0.40, CI\^ 0.21--0.75, p\<0.005NA30 (33.3%)17 (18%)3 (3.3%)Salih[@CIT0053] 2011--2014Denmark (113)Age,yrs: 69.6±8.1 Baseline FVC%: 62.7%±12.1 Baseline DLCO%: 45.1±13.8The annual decline in FVC% was 3.6±1%. The annual decline in DLCO% from baseline was 2.2±8%NA50 (44.2%)37(32.7%)18 (16%)[^1]

Pirfenidone and Acute IPF Exacerbations {#S0002-S2005}
---------------------------------------

Acute exacerbation of IPF (AE-IPF) is defined as an unexplained worsening of dyspnea in the past 30 days in patients with previous or concurrent diagnosis of IPF, a high-resolution computed tomography with evidence of new bilateral ground-glass opacities or consolidation, and exclusion of alternative causes.[@CIT0001]

AE-IPF has an annual incidence of up to 20% and is typically associated with a median survival of 3 months or less.[@CIT0004],[@CIT0018],[@CIT0019] Acute exacerbation of IPF accounts for over half of all hospital admissions and can account for nearly 40% of all deaths in IPF patients.[@CIT0020]

No treatments have been shown to be effective in the treatment of acute exacerbations. Patients are usually managed with supplemental oxygen, antibiotics, high doses of corticosteroids.[@CIT0021] Mechanical ventilation is not recommended, however, a subset of patients have shown to benefit from non-invasive ventilation.[@CIT0022],[@CIT0023] The role of anti-fibrotics in management or prevention of IPF exacerbation remains largely unexplored.

Pirfenidone has been shown to lower the risk of respiratory-related hospitalization when compared to placebo over 1 year in a pooled analysis of all three phase −3 trials (7% vs 12%, p=0.001).[@CIT0024] While this study could be inferred in favor of pirfendone to reduce mortality associated with acute exacerbations, its role in acute exacerbation remains largely uninvestigated and unclear. In the pre-approval era, a small Phase 2 trial of 107 patients evaluating the efficacy of pirfenidone showed a numerically small but statistically significant reduction in acute exacerbation in patients receiving pirfenidone, but these results were not replicated in a larger 275-subject trial.[@CIT0011],[@CIT0012]

One single center retrospective study of 47 patients with AE-IPF showed that patients who were on pirfenidone prior to the onset of exacerbation (n= 9) had improved 3-month survival as compared to patients who were not on pirfenidone (n= 18) (55% vs 34%, p=0.042).[@CIT0025] The treatment protocol in this study also used recombinant human thrombomodulin which has shown to be beneficial for AE-IPF and could be a confounding factor in the analysis.[@CIT0026] Although encouraging, but the results of this study need to be validated in larger cohorts.

Pirfenidone and Patient Reported Outcome Measures (PROMs) {#S0002-S2006}
---------------------------------------------------------

Cough and dyspnea are the most incapacitating symptoms experienced by patients with IPF.[@CIT0027] An observational study of 43 IPF patients assessed the effect of pirfenidone on cough and cough-related quality of life (QoL) in patients with IPF. All patients underwent baseline 24-h cough recording with the Leicester Cough Monitor, which is a validated ambulatory cough monitoring system, prior to starting pirfenidone, and then after 4 and 12 weeks of treatment. After 12 weeks of treatment, 74% patients reported subjective improvement in cough and the objective 24-h cough decreased by 34% as measured by Leicester cough monitor. This was the first study showing clinically meaningful improvement in cough with pirfenidone.[@CIT0028]

Dyspnea is now recognized as the most important factor for determining health-related quality of life in patients with IPF and is more likely to worsen in patients with more severe disease versus less severe disease. Post hoc analysis of all the three phase −3 trials has recently showed that treatment with pirfenidone slows the worsening of patient-reported breathlessness over 12 months vs placebo in patients with more advanced disease (FVC \<80%) as measured by University of San Diego Shortness of Breath Questionnaire (UCSD-SOBQ).[@CIT0029] Further research is needed to examine the effects of pirfenidone on IPF-related symptoms and patient-related outcome measures.

Dosing and Tolerability of Pirfenidone {#S0003}
======================================

The recommended dose for Pirfenidone is 2403 mg/day in three divided doses to be taken with meals. Co-administration of food is thought to reduce gastrointestinal side effects by reducing the maximum plasma concentration of the drug.[@CIT0030] Pirfenidone has a well-characterized safety profile and is generally well tolerated. Most common side effects are gastrointestinal and photosensitivity, and most common laboratory abnormality is the elevation in transaminases. These side effects generally lead to temporary dose reductions or interruptions and in some cases, permanent discontinuation of the drug.[@CIT0031],[@CIT0032] However, many patients are unable to tolerate the full dose due to the above-listed side effects. The reduction in the rate of FVC decline is thought to be dose dependent and could be affected by dose reductions.[@CIT0005] There is limited data on the efficacy and tolerability of pirfenidone at lower doses.

Nathan et al recently conducted a post hoc analysis of ASCEND and CAPACITY 004/006 trials to evaluate the effect of pirfenidone dose reductions and interruptions on the annual rate of FVC decline.[@CIT0031] Patients in pirfenidone and placebo groups were stratified using a dose intensity threshold (DI) of \>90% or \<90%. DI was calculated as the actual total drug dose a patient received divided by the planned dose (2403mg/day for the entire study duration). There were no significant differences in the baseline characteristics of patients in DI \>90% and DI\< 90% groups in both, pirfenidone and placebo arms. Majority of the dose interruptions occurred in the first 6 months and more patients receiving pirfenidone had permanent dose reductions as compared to those receiving placebo (31.5% vs 20.8%, respectively).

The study showed that the annual rate of FVC decline and proportion of patients experiencing death at 12 months or \>50 m decline in 6MWD were lower in pirfenidone group as compared to placebo group in both DI\>90% and DI\<90% groups. However, the relative difference of patients who experienced decline FVC or death who were randomized to receive placebo or pirfenidone was −33.1% in the ≤90% DI and −54.8% in the \>90% DI, with a greater difference observed in the \>90% DI.[@CIT0031]

The results from this post hoc analysis demonstrated treatment benefit at different dosing intensities and hence, supports the approach of dose modification as a tool to reduce the rate of treatment discontinuation. However, the minimum dose of pirfenidone required through the modification period to maintain efficacy is still unknown. A recent report from Japan suggests that pirfenidone dose adjustment by body surface area in patients with IPF could be adequate to prevent adverse effects while achieving efficacy and treatment effect.[@CIT0033]

Age is an important factor in determining the tolerability of pirfenidone. Recent study from Japan has shown that amongst a group of 120 IPF patients, the rate of drug discontinuation at 1 year was 29% higher in elderly patients (\>75 years) when compared with the younger age group (\<75 years).[@CIT0034] In regards to the adverse events, gastrointestinal side effects and discontinuation of drug due to gastrointestinal disorders were significantly higher in elderly patients as compared to younger patients (77% vs 45%, p 0.007; 35% vs 15%, p=0.019, respectively).[@CIT0034]

Safety Profile of Pirfenidone {#S0004}
=============================

Treatment Emergent Side Effects in Phase III Trials {#S0004-S2001}
---------------------------------------------------

The most commonly reported adverse effects in the CAPACITY and ASCEND trials were gastrointestinal and skin related. Gastrointestinal events reported in the pirfenidone (n=623) and placebo (n=624) groups, respectively, were diarrhea (18.8% vs 14.4%), nausea (32.4% vs 12.2%), and dyspepsia (16.1% vs 5%). Skin events reported in the pirfenidone and placebo groups, respectively, were photosensitivity (9.3% vs 1.1%) and rash (26.2% vs 7.7%). Both, gastrointestinal and dermatologic adverse events, were generally mild to moderate and reversible. Only 9 (1.7%) patients discontinued pirfenidone treatment due to gastrointestinal adverse events and 12 (1.9%) due to skin-related adverse events.[@CIT0005],[@CIT0006],[@CIT0015],[@CIT0035]

[Table 2](#T0002){ref-type="table"} shows the most common side effects experienced by patients in Phase 3 trials. Most common laboratory abnormality was elevated transaminases in the pirfenidone group (14.4%), which normalized after discontinuation of the drug.Table 2Adverse Drug Reactions in Phase III TrialsSide EffectCAPACITY 004/006 Trials[@CIT0005]ASCEND Trial[@CIT0006]Pirfenidone (n=345)Placebo (n=347)Pirfenidone (n= 278)Placebo (n=277)Nausea125 (36%)60 (17%)100 (36%)37 (13.4%)Dyspepsia66 (19%)26 (7%)49 (17.6%)17 (6.1%)Dizziness63 (18%)35 (10%)49 (17.6%)36 (13%)Vomiting47 (14%)15 (4%)36 (12.9%)24 (8.7%)Rash/photosensitivity153 (44%)46 (14%)78 (28.1%)24 (8.7%)Anorexia37 (11%)13 (4%)44 (15.8%)18 (6.5%)Arthralgia36 (10%)24 (7%)----Weight reduction28 (8%)12 (3%)35 (12.6%)22 (7.9%)Insomnia34 (10%)23 (7%)31 (11.2%)18 (6.5%)Cough----70 (25.2%)82 (29.6%)

RECAP {#S0005}
=====

RECAP was an open-label extension study to evaluate drug safety in patients who completed CAPACITY and ASCEND trials. It followed 1058 patients for 7 years, of which 40.4% completed the study. Adverse drug reactions were reported by 786 patients (74.3%). The most frequent adverse drug reactions were nausea (21.6%), diarrhea (12.3%), and rash (11.6%). Discontinuation of treatment due to an adverse drug reaction occurred in 120 patients (11.3%) and the most common reaction leading to discontinuation was rash and nausea.[@CIT0015]

In contrast to the ASCEND and CAPACITY trials, the frequency and adjusted rate of adverse drug reactions were, in fact, lower in RECAP study (74.3% vs 89.2%), which in part can be attributed to positive selection bias.[@CIT0015]

PASSPORT -- Pirfenidone Post-Authorization Safety Registry {#S0005-S2001}
----------------------------------------------------------

PASSPORT was a multicenter, post-authorization, and prospective study of IPF patients (n=1009) who were newly prescribed pirfenidone and followed for 2 years thereafter. The aim of the study to evaluate long-term safety of pirfenidone. Median pirfenidone exposure was 442.0 days. Overall, 73.4% patients experienced adverse drug reaction, most commonly gastrointestinal symptoms (38.3%), photosensitivity/rash (29%), nausea (20.6%) and fatigue (18.5%). These adverse events led to treatment discontinuation in 28.7% of patients. Older age, use of steroids prior to the study and female sex were associated with early treatment discontinuation. These adverse drug reactions also led to dose adjustment in 48.3% of patients. More patients completed treatment following a dose adjustment than those who had no dose adjustment (38.8 vs 26.1%, respectively).

Overall, the study showed similar side effect profile of pirfenidone in the post-marketing era as in the clinical trials. It also showed that dose adjustment had a favorable effect on treatment persistence.[@CIT0032]

Real-World Experience {#S0005-S2002}
---------------------

There is emerging data from various single and multi-centers on the safety and tolerability profile of pirfenidone in IPF patients. So far, the safety profile of pirfenidone is consistent across all groups of IPF patients. These findings are summarized in [Table 1](#T0001){ref-type="table"}.

Prevention and Management of Pirfenidone Related Side Effects {#S0005-S2003}
-------------------------------------------------------------

Dose titration and modification protocols have been shown to be effective in reducing discontinuation rates due to gastrointestinal discomfort.[@CIT0031] A 2-week dose titration schedule has been recommended by the manufacturing company.[@CIT0036] In LOTUSS trial, a longer 4-week titration schedule was compared with the standard 2-week titration schedule in patients with scleroderma ILD to test the safety and tolerability of pirfenidone. The longer 4-week titration schedule was shown to have less dose modifications and dose interruptions as compared to standard 2-week titration (21.9 vs 3.2, p=0.053; 12.5% vs 0%, p=0.113, respectively).[@CIT0037] The two titration schedules are listed in [Table 4](#T0004){ref-type="table"}. Strategies to manage common extra-gastrointestinal side effects are listed in [Table 3](#T0003){ref-type="table"}Table 3Prevention and Management of Pirfenidone Related Side EffectsAdverse EventPrevention and ManagementGeneralDose reduction/interruptionsRashDiscontinue until rash resolves and re-start at a slow titration schedule.\
Permanently discontinue if rash recursPhotosensitivityPrevention with continuous skin protection with clothing and SPF-50 sunscreen Treat severe reaction with steroids or silver sulfadiazine Permanently discontinue if an allergic reaction occursTransaminitisIf AST and ALT elevations are \>3 to ⩽5 ULN without symptoms or hyperbilirubinaemia, reduce the dose or interrupt until values return to normal. If AST and ALT elevations are \>3 to ⩽5 ULN and accompanied by hyperbilirubinaemia, permanently discontinue pirfenidone. If AST or ALT are \>5 ULN, permanently discontinue pirfenidoneGastrointestinalDose reduction or interruption with a slow titration back to full dose as tolerated Use of PPI Take medication with a substantial meal[^2] Table 4Pirfenidone Dose Titration ProtocolPirfenidone Titration Schedule**2-week titration schedule**[@CIT0054]**Titration intervalDosing (Total number of pills per day)**Days 1--71 tablet TID (3)Days 8--142 tablets TID (6)Days \> 153 tablets TID (9)\***4-week titration schedule**[@CIT0037]**Titration intervalDosing (Total number of pills per day)**Days 1--141 tablet TID (3)Days 15--282 tablets TID (6)Days \>293 tablets TID (9)\*[^3]

Pirfenidone and Nintedanib {#S0005-S2004}
--------------------------

Nintedanib is the other anti-fibrotic drug approved for treatment for IPF.[@CIT0007] It is an intracellular inhibitor and targets multiple tyrosine kinases, such as the VEGF, FGF, and PDGF receptors.[@CIT0038] Nintedanib was shown to reduce decline in FVC in IPF patients as compared to the placebo group in both, INPULSIS I (−114.7 mL vs −239.9 mL, p \<0.001) and INPULSIS II (−113.6 mL VS −207.3 mL, p\<0.001) over 52 weeks.[@CIT0007] The most common side effect of nintedanib was diarrhea with incidence as high as 63%; however, the rate of permanent discontinuation due to diarrhea is reported to be less than 10% in clinical trials and real-world data.[@CIT0039] In both the INPULSIS trials, the proportion of patients with serious adverse events was similar in the nintedanib and placebo groups. However, nintedanib group had higher rates of myocardial infarction as compared to the placebo group in both INPULSIS I (1.6% vs 0.5%) and II trials (1.5% vs 0.5%). A recent post hoc analyses of TOMORROW and INPULISIS clinical trials showed that the incidence of myocardial infarction was higher in the nintedanib group than the placebo group among patients with higher cardiovascular risk, whereas the incidence rate of other ischemic heart disease was lower in the nintedanib group than the placebo group.[@CIT0040] The clinical significance of this finding remains unknown.

There are no trials directly comparing pirfenidone and nintedanib in IPF patients. Both the drugs have been shown to be effective in reducing the lung function decline in IPF patients when compared to placebo. Observation studies have shown comparable tolerability and efficacy of these agents and now new safety signals have been identified.[@CIT0039],[@CIT0041],[@CIT0042]

Conclusion {#S0006}
==========

Pirfenidone slows disease progression in IPF and likely improves survival, decreases the rate of respiratory-related hospitalizations and improves PROMs. It is generally well tolerated and has few known interactions with commonly prescribed drugs. Gastrointestinal and photosensitivity are the most frequently experienced side effects and are usually managed by dose reductions, which in turn can decrease the effectiveness of the drug. In real-world experience, most sites have reported treatment discontinuation rates to be around 10--20%. Discontinuation rates can be higher in elderly patients and dose modification is now recognized as an important tool to maintain medication compliance and minimize side effects.

In conclusion, pirfenidone is an anti-fibrotic drug that is a viable, well-tolerated, real-world option for the treatment of patients with IPF.
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[^1]: **Notes:** \$ is defined by the Japanese Respiratory Society ; \^ \>10% decline in FVC for 6 months.

    **Abbreviations:** FVC, forced vital capacity; DLCO, diffusion capacity.

[^2]: **Abbreviations:** AST, aspartate aminotransferase; ALT, alanine aminotransferase; ULN, upper limit of normal; PPI, proton pump inhibitors.

[^3]: **Note:** \*Full dose.
